OBJECTIVE: Primary spontaneous pneumothorax (PSP) is not uncommon in young men and is associated with frequent recurrence. The frequent recurrence after conservative treatment and resultant anxiety for recurrence are sources of disability. We explored which procedure is more appropriate as the initial therapy in terms of quality-adjusted life expectancy (QALE).
P rimary spontaneous pneumothorax (PSP) usually occurs in young, otherwise healthy men in their 20s. 1±4 The incidence is reported to be 74 cases per million per year among men. 5 Treatment options include conservative treatments such as observation, simple aspiration, pleural drainage, and pleurodesis. Some guidelines recommend these conservative treatments for the first episode of PSP. 6, 7 However, recent studies have shown poor compliance with these guidelines on the part of clinicians. 4, 8 One of the reasons for marked variation in clinical management is that neither simple aspiration nor pleural drainage has resulted in a satisfactory cure rate: recurrence occurs in 34% to 65% of patients in 1.5 years. 9, 10 Such a high recurrence rate and anxiety associated with the anticipation of recurrence are sources of disability for young patients. 11 An optimal strategy therefore should provide patients with satisfaction, in addition to safety and low recurrence rate. Most of the current guidelines, however, do not deal with patient satisfaction as an important outcome. 6, 7 Video-assisted thoracoscopic surgery has been clinically employed since the early 1990s. There are now many pulmonologists who regard thoracoscopic surgery as the treatment of choice for PSP because it allows the safe and successful resection of apical blebs, pleurodesis, or pleural ablation. 12, 13 It has been shown to be superior to open thoracotomy in terms of decreased postoperative pain and morbidity and to have a recurrence rate comparable to that of open thoracotomy. 14±17 Since no prospective randomized trials have been done to compare thoracoscopic surgery, pleural drainage, and pleurodesis, we conducted a decision analysis to determine which procedure is most efficacious as an initial therapy in terms of quality-adjusted life expectancy (QALE).
METHODS Decision Model (Appendix A)
The hypothetical cohort consists of patients who had complete unilateral lung collapse or severe dyspnea due to PSP without underlying diseases and failed to be treated by simple aspiration. Simple aspiration was set at starting point because current guidelines 6, 7 recommend it as the initial treatment for these patients, and successful aspiration presents no clinical difficulty. The fraction of patients in whom simple aspiration failed to re-expand the affected lung was reported to be 55% to 75%.
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A Markov model is an analytic structure that tracks the clinical events occurring in a hypothetical cohort of patients in various scenarios over time. 21, 22 Baumann and Strange recently reported that most pulmonologists considered pleural drainage as the treatment of choice after observation or simple drainage for young patients with the first episode of PSP. However, their choices were diversified into pleural drainage, pleurodesis, and thoracoscopic surgery for the second episode. 4 It was also shown that open thoracotomy was not chosen for the first episode. We constructed a model based on these findings to compare 6 therapeutic options for 20-year-old men with a first episode of PSP for which simple aspiration was ineffective. The options consisted of, 1) thoracoscopic surgery for the first episode (thoracoscopic surgery strategy), 2) pleural drainage for the first episode followed by thoracoscopic surgery for the second episode (pleural drainage once strategy), 3) pleural drainage for the first and second episodes followed by thoracoscopic surgery for the third episode (pleural drainage twice strategy), 4) pleurodesis for the first episode followed by thoracoscopic surgery for the second episode (pleurodesis once strategy), 5) pleurodesis for the first and second episodes followed by thoracoscopic surgery for the third episode (pleurodesis twice strategy), and 6) pleural drainage for the first episode and pleurodesis for the second followed by thoracoscopic surgery for the third episode (pleural drainage followed by pleurodesis strategy).
Since most recurrence occurred in the first year, 23 all patients in the cohort were followed up for 1 year and each patient was in 1 of the 2 clinical states at any given point in time: either hospitalized and treated with pleural drainage (with or without pleurodesis), thoracoscopic surgery, or open thoracotomy, or discharged after having undergone one of the treatments with some recurrence risk. The length of one cycle was set at 1 month and the patients' clinical status could change with specific probabilities during 1 cycle. We used this model to calculate the QALE for each of the strategies, taking into account discomfort caused by the disease itself, anxiety about the recurrence, and the magnitude of the risk of recurrence. All analyses were performed with the aid of DATA (version 3.5, TreeAge Software, Inc., Williamstown, Mass), a decision analysis computer program.
Assumptions of the Model
We adopted the following 8 assumptions for this model ( 
Probabilities for Clinical Outcomes
A systematic literature search for studies on clinical outcomes of PSP published between January 1966 and April 2001 was performed with the aid of MEDLINE. The inclusion criteria for studies were: 1) the study population is clearly identified as patients with PSP; 2) the sample size is larger than 30; 3) the details of the involved lung and the treatment modality are clearly described; 4) the precise number of events (failure to re-expand, recurrence, affected lung, drop out) and length of observation are mentioned; and 5) the studies are published in English. If the relevant literature that met the criteria was not available, we consulted other articles (e.g., review articles, studies dealing with secondary pneumothorax). Relevant publications provided us with weighted averages for treatment-related mortality, success rates, and recurrence rates in the ipsilateral lung. General population mortality rates for Japanese people based on the data for 1997 published by the Ministry of Health and Welfare of Japan, adjusted for age and gender, were used as background mortality rates for the model. Since the length of the cycle in our study is shorter than that of observed periods in the literature, the transition probabilities from one state to another within a specified time frame were calculated by using the DEALE (declining exponential approximation of life expectancy) method. 30, 31 The probability ranges for the sensitivity analyses were determined on the basis of the variances reported in the literature or on expert opinions, when such variances were not available in the literature. The experts were 1 pulmonologist and 1 thoracic surgeon at a teaching hospital, and they reported no cases of death among young men with PSP undergoing invasive treatment in the hospital. Therefore, we set 1.0% as maximum surgical death rate and 0.1% as maximum pleural drainage or pleurodesis death rate to assess the robustness of our analysis. Also, we obtained the range of 10% to 50% per year for recurrence after second pleural drainage from these experts. Probabilities for clinical outcomes and their ranges are summarized in Table 2 , and the characteristics of the studies used in this analysis are shown in Appendix B.
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Adjustments for Quality of Life
We adjusted life expectancy for quality of life by using health state utilities, which represent an individual patient's preference for a given health state and are graded from 0 to 1. Zero means death and 1 represents perfect health without any physical or mental discomfort. 53 QALEs are calculated by multiplying the time spent in a given health state by the utility value for that health state. We used the time trade-off method 54, 55 to obtain the utilities for this model, based on a hypothetical scenario, from 8 young male patients with PSP and 7 male medical staff members in a teaching hospital. The 8 interviewed patients suffered the first episode of primary spontaneous pneumothorax, which was confirmed by chest x-ray. All of them had been admitted to the teaching hospital because they had unilateral pneumothorax completely collapsed and dyspnea. Simple aspiration failed to re-expand the affected lung and they underwent pleural drainage. All of them received the information about thoracic surgery when the pneumothorax recurred. A trained research nurse interviewed each of them using the hypothetical scenario. All the medical staff were internists who had experience in treating patients with pneumothorax using pleural drainage. They were interviewed in the same way as the patients, by the same research nurse. The scenario consisted of thoracoscopic surgery, open thoracotomy, pleural drainage, and follow-up state after these treatment options. Detailed information was also provided in terms of pain or confinement for intervention and risk of recurrence during the follow-up period based on the literature review. Pleurodesis and pleural drainage did not differ in hospital stay, duration of drainage, and symptoms. 28 Therefore, we substituted the utility value of pleural drainage for that of pleurodesis. In addition, our review of the literature indicated that the recurrence rates after pleurodesis and thoracoscopic surgery were equivalent, and we assumed that patients' preference during the follow-up period would depend primarily on the risk of recurrence. Therefore, we substituted the utility value of the follow-up state after thoracoscopic surgery for that after pleurodesis.
The mean values thus obtained were used for a base case analysis. The range for sensitivity analyses was set at a 95% confidence interval of obtained values. The utility of a given cycle, with the length of hospitalization for any intervention set at 7 days for the base case analysis, was calculated as follows: Base Case Analysis and Sensitivity Analyses
For each of the treatment strategies, we calculated the QALE by multiplying the probability of each health status by the corresponding utility for 12 cycles with discounting at the rate of 0.05 per year (range, 0 to 0.10). 56 The fact that health preferences expressed or costs incurred at an earlier stage are more keenly felt than those that are expressed or incurred later is accounted for by discounting as they accrue over time. 56 Although we set 1 year for the base case analysis, we varied the number of cycles from 4 (4 months) to 24 (2 years) to gain a better understanding of the impact of recurrence for an extended period of time on overall QALEs. Because of the wide variation of probabilities for clinical outcomes published in reports as well as of utilities for individual patients, extensive sensitivity analyses were performed with the simulation model. First, all variables of interest were subjected to 1-way sensitivity analyses with the range shown in Table 2 . Second, 2-way and 3-way sensitivity analyses were also performed. Third, the length of hospitalization, ranging from 4 to 10 days, was subjected to sensitivity analyses according to the expert opinions. Finally, we checked the effect of discounting rate ranging from 0 to 0.1.
RESULTS
Utility Values
The utility values obtained are shown in Table 3 . The mean age of the male subjects was 29.1 years with a range of 16 to 42. The mean utilities of intervention were 0.45 for pleural drainage, 0.37 for thoracoscopic surgery, and 0.32 for open thoracotomy. The utility values for health status were similar for patients and staff, which meant that the patients understood the treatment modalities and sequelae correctly.
Base Case Analysis
During the 1-year period, the longest QALE for 20-year-old male patients with PSP was 9.49 months for thoracoscopicsurgery strategy and the shortest, 7.80 months for pleural drainage twice strategy (Fig. 1) .
Thoracoscopic surgery strategy was superior to drainage once strategy by 1.5 months and to drainage twice strategy by 1.69 months but similar to pleurodesis once or twice strategy. We then changed the time horizon in the simulation model from 4 months (4 cycles) to 2 years (24 cycles). For any follow-up periods except for 4 months, the result was consistent with the longest QALE for thoracoscopic surgery strategy among the 6 strategies. For drainage once strategy, only 70% of the patients were managed without undergoing thoracoscopic surgery or open thoracotomy during the follow-up period. For drainage twice strategy, 74% of the patients were managed without one of these surgical interventions ( Table 4) . As the follow-up period becomes longer, the percentage of patients who have undergone thoracoscopic surgery or open thoracotomy increases approaching 50% at 2 years for drainage once strategy and drainage twice strategy (Table 4 ). Overall mortality rates for 2 years were the same at 0% for all 6 strategies, with an actual life expectancy (i.e., not quality-adjusted) of 3.97 months for 4-month observation, 11.71 months for 1-year observation, and 22.86 months for 2-year observation for any strategy.
Sensitivity Analyses
None of the probability estimates for treatment options in 1-way sensitivity analyses altered the main results except for the thoracoscopic surgical death rate. When it exceeds 0.3%, pleurodesis once or twice strategy becomes most preferable (Fig. 2) . The 2-way and 3-way sensitivity analyses did not affect these results by changing probabilities for clinical outcomes, utilities, hospital days, the number of cycles, and discounting rate.
DISCUSSION
QALE is an expected life length that takes into account quality of life measured as utility. 56 Benign diseases like PSP affect patients' daily life but not survival. Patients may wish to achieve good, active daily life without disability to the greatest possible extent. The goal of physicians is therefore not only to extend the length of life of patients but also to improve the quality of their health status. QALE, the product of quality and length of life, is preferable for evaluating the efficacy of interventions for such a non-fatal disease. Our analysis showed young male patients with PSP could benefit most by selecting thoracoscopic surgery as the initial treatment of choice from this viewpoint. This preference is mainly due to the far superior efficacy of thoracoscopic surgery to pleural drainage in terms of recurrence rate. Moreover, as the observation period becomes longer than 1 year, thoracoscopic surgery strategy may become even more advantageous than other strategies and eventually a substantial number of patients will undergo thoracoscopic surgery or open thoracotomy. Although chemical pleurodesis is not widely considered the treatment of choice for young patients with a first episode of PSP, and the efficacy of pleurodesis remained to be proved in a clinical trial, our analysis suggests its potential efficacy for the first episode. When pleurodesis is used for the second episode (the first recurrence), its efficacy looks similar to that of thoracoscopic surgery used for the second episode and inferior to that used for the first episode.
Simple observation or simple aspiration is recommended as the first choice of treatment in some guidelines.
6,7 However, we do see patients with pneumothorax who have severe symptoms or fail to improve after simple aspiration. In such cases, we have to select one of more invasive procedures. 4 We started the present analysis from this point. These patients may have larger bullae or tear of pleura, for which simple aspiration is ineffective in re-expanding the lungs. Our analysis shows that thoracoscopic surgery may be preferable to pleural drainage for the first episode of PSP in young men in such a situation. Our findings here differ from those of published guidelines or reviews. 6, 7 The difference is mainly due to the fact that our analysis placed the emphasis on recurrence incidence and quality of life. PSP is a fairly common disease among young, otherwise healthy men and the disability associated with the recurrence cannot be disregarded from an individual as well as a societal point of view. We did an extensive literature search for the recurrence rates for each treatment strategy and included the best data available into our analyses.
To adequately interpret our analysis, a comment is necessary about utility values. These values elicited from patients and medical staff seem to be extremely low for the follow-up state after treatment. They reflect, however, not only the suffering from recurrence per se, but also patients' anxiety about the recurrence. Some patients may have strong anxiety and avoid risky activities such as air trips or scuba diving. 11 Although the range of utility values varies widely, our main results do not change, because these FIGURE 1. QALE after follow-up. Thoracoscopic surgery strategy offers longest QALE at 1-year (base case) and 2-year follow-up. The QALE of pleurodesis once and rwice strategy is longest at 4 months follow-up, but thoracoscopic surgery strategy becomes longest after 4.7 months by sensitivity analysis.
values are equally weighted in all the strategies. Consistent results shown by sensitivity analyses suggest the robustness of our analysis. While our analyses were focused on young male patients with the highest incidence rate of PSP, other populations, such as women, the elderly, and patients with comorbidity, may have different utilities for a variety of reasons. Some patients may have much lower utility values for follow-up periods of thoracoscopic surgery and open thoracotomy due to the detrimental cosmetic effects. In contrast, some patients may have higher utility values for follow-up periods of pleural drainage without feeling concern about future recurrence. Patients with comorbidities or short life expectancies might not attach much importance to long-term efficacy. Moreover, treatmentrelated mortality would increase significantly in the case of elderly patients and patients with comorbidities. Our analysis showed that the pleurodesis once or twice strategy may turn out to be the strategy most preferred when the surgical death rate exceeds 0.3% (Fig. 2) . Thus, pleurodesis might be the treatment of choice for elderly patients and those with underlying lung disease.
Also, the cost required for the management of PSP cannot be disregarded in the current cost-conscious world. Schramel et al. demonstrated that thoracoscopic surgery is more cost-effective than conservative treatment as an initial treatment for PSP. 57 However, their study compared the cost of thoracoscopic surgery with that of pleural drainage and the management for recurrence for the first PSP episode without randomization or reference to utility. 57 Therefore, a standard cost-effectiveness analysis 56, 58 should be performed to validate our findings, in addition to a well-designed controlled study.
Limitations
This analysis was done for a hypothetical cohort of patients and involved some important limitations regarding probability estimates and utilities. Our analysis was done with a 1-year time horizon. Since no data are available concerning the long-term prognosis of PSP, it is not clear whether recurrence occurs at a constant rate beyond 2 years. The current results can therefore not necessarily be extrapolated beyond 2 years. However, our sensitivity analyses implied that the difference of QALE between thoracoscopic surgery and other treatment extended when the observation period became longer. We did not incorporate chest CT to evaluate bullae before or after pleural drainage. Since chest CT is usually performed only for preoperative evaluation in daily practice, our main objective, i.e., to determine whether surgical treatment should be considered for the patients with a first episode of PSP, was not compatible with incorporating bullae evaluation by chest CT.
We did not take into account technical differences among surgeries as well as different chemical agents used for pleurodesis in our model. Although these differences could affect treatment results, sensitivity analyses that included all reported probabilities in this respect did not change the results.
The size of the sample from which we obtained utilities was relatively small. However, its effect on the main results seems unlikely because of the consistency in sensitivity analyses covering a wide range of utility values. The substantial overlap of the utility values for each health status in different treatment strategies might also serve to make the influence of the small sample size miniscule.
In terms of pleurodesis once strategy, a long-term sequela, i.e., difficulty of performing the next chest surgery 20 was not taken into consideration in the model.
In that case, the strategy of thoracoscopic surgery after pleurodesis might not be as effective as shown by our results, and the superiority of thoracoscopic surgery strategy over pleurodesis once strategy would become more prominent. Finally, although we retrieved extensively the relevant literatures, no article mentioned the failure of simple aspiration to re-expand PSP as one of the inclusion criteria. Therefore, the severity of PSP among the subject patients in the literature may be less than that among our hypothetical cohort of patients in whom simple aspiration fails to reexpand the affected lung at the onset. This difference of severity of PSP may bias our analyses in favor of pleural drainage because all the probability estimates used in this study were derived from patients with possibly less severe PSP. Therefore, it is fair to say that our main finding, i.e., that thoracoscopic surgery is the treatment of choice, is robust.
Conclusion
Our decision analysis showed that thoracoscopic surgery might be the treatment of choice in terms of QALE for the first episode of PSP in young, otherwise healthy men. The results were robust for a wide range of probabilities and utilities subjected to sensitivity analyses. Since PSP is a fairly common disease and patients' preference cannot be disregarded, our results may represent a reference point for both patient and physician in deciding the best therapeutic strategy.
APPENDIX A Decision Model for Primary Spontaneous Pneumothorax
Square nodes represent the decision to treat primary spontaneous pneumothorax with thoracoscopic surgery, pleural drainage, or pleurodesis. When pleurodesis are selected at the first square decision node, pleural drainage without pleurodesis cannot be selected at the second node. With each 1-month cycle, patients move to a different state or remain in the same state, as indicated by arrows. (Ð), data are not available.
APPENDIX B
Characteristics of Reference Articles
